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MODIFIED INSUUN-LKE GROWTH FACTORS 

Field of thi. TnvffnTl?TT 

This invention relates to the modification of polypeptides, and more particulariy to 

the modification of insulin-like growth facton and to meilKxls of mak^ 
modified polypq)tides. 

Buckeround of the Tnvftp^^ 

The insulin gene family, comprised of insulin. iBlaan', insuHn-like growth fectoR 
1 and 2. and possibly the beta subunit of 7S nerve g^wth factor, rcpitsems a grom, of 
structurally related polypeptides whose biological firmtions have diverged as reported in 
Dull, et al.. ilalBEe 310:777-781 (1984). 

Insulin-like growth facton 1 and 2 aOF-l and IGF-2) are about 7-8 Idlodalton 
protems that are structurally related to each other and to msulin. IGF-1 and IGF-2 dare 
about 10% amino acid identity with each other and about 30% amino acid idemity with 
msuhn. IGF-l and IGF-2 are beUeved to have related tertiary structures as n5»rted in PCT 
Apphcation Publication No. WO 90/00569. published on Jam«ry 25, 1990. The s^k,^ 
smularity between IGF-1 and IGF-2 permits both to bmd to IGF recepton. Two IGF 
receptor, are known u, exist. IGF-1 and IGF-2 bind to d« IGF type I receptor while 
msulin binds with less affinity to this receptor. n« type I receptor prefcremiaUy bmds 
IGF-1 «,d ,s believed to transduce the mitogemc effects of IGF-1 and IGF-2 IGF-2 binds 
to the type I receptor with a 10-fold tower affinity than IGF-1. Tte second or type n IGF 
leceptor preferentially binds IGF-2. Receptor bmding is believed to be necessary for the 
biological activities of IGF-1 and IGF-2. 

IGF-1 and IGF-2 are mitogenic for a large number of ccU types, inchiding 
fibroblasts, keratinocytes, endothelial cells and osteobksts (bone-forming cells) IGF-l and 
IGF-2 also stimulate differentiation of many ceU types, c.g.. synthesis und «cre,io„ of 
collagens by osteoblasts. IGF-1 and IGF-2 exert tteir mitogenic ml cell differentiating 
effects by binding to the specific IGF cell «.rf«»recq«,rs. IGF-1 also has been shown 
to mhibit protein catabolism in vivo, stimulate glucose uptake by cells and to promote 
survival of isolated neurons in culture. These properties have led to IGF-l being tested as 
a therapeutic agem for a variety ofdisease indications as reported in Froeschetal UaHi 
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i n gnjpcppolppv and MgrflWism . 254-260 (May/June 1990) and CotteriU flinjjal 
EndiJcrinolasy. 37:11-16 (1992). In addiUon to specific ceU surface mxptors. to exis. 
at least six distinct IGF binding proteins aGFBP-1 thiougb IGFBP-6) that diculate 
throughout the body. These proteins bind IGF- 1 and IGF-2 with high affinity. The binding 
of IGF-1 and IGF-2 to binding proteins reduces the actioi) of these IGFs on cells by 
preventing their interaction with ceU surface IGF recepton. IGF binding proteins 
particularly IGFBP-3, also function to prolong the drcuhting half-lives of IGP-1 and IGF-2 
in the blood stream. latheabsenceof IGFbhufingproteins. thehalf-HfeoflGF^l iablood 
is less than 10 minutes. In contrast, when IGF-1 is bound to IGFBP-3, its half-Bfe in blood 
is lengthened to about 8 hours. The circulating half-life of IGF-l bound to the other 
smaller binding proteins is about 30 minutes as reported in Davis et al J. of 
Eadammte, 123:469-475 (1989); Guler et al.. Acta E^..,^^ ,2l:m.m 
(1989): and Hodgkinson et al., I. Of gpdpgrinnlogy. 123:461-168 (1989). When IGF is 
bound to binding proteins, i, is unable to bind to the IGF recepton and is therefore no 
longer active in the body. Decreased affinity to binding proteins aUows more of the IGF 
to be active in the body. Situations when this decreased affinity to binding proteins may 
be useful include, for example, cachexia, osteoporosis, and peripheral neuropathies. 

Furthermore, the therapeutic utility of IGF can be modified by the presence or 
absence of these IGF binding proteins, which may potentiate or inhibit the beneficial effects 
of IGF. Tbt levels of certain IGF binding proteins can vary greatly, depending upon the 
disease state. For example. IGFBP-1 "evels are very high in diabetes patients, whereas they 
are nearly undetectable in normal patients as reponed in Brismar et al.. L_flf 
EndOgrinolprir^l kvr ^t ir a rion . 1 1:599-602 (1988); Suikkari et al., J. of riinir.. 
findocrinolorv and M et ^holi^n. . 66:266-273 (1988): and Unterman et al., Biochem 
Biophys. Res. Comm., 163:882-887 (1989). IGFBP-3 levels are reduced in severely iU 
patients such as those that have undergone major surgety as reported in Davies et al L 
fiaitoilinte. 130:469-473 (1991); Davenport et al., J. Clin, KnHn^. 75,590. 
595 (1992). The reduced levels of IGFBP-3, and consequent shorter circulating half-life of 
IGF-1, may contribute to the cachexia (weight loss) seen in these patients. 

Insulin-like growth factor 1 aOF-l). also known as somatomedin C. has long been 
studied for its role in the growth of various tissues. Its role as a useful therapeutic agcm 
for several disease conditions has been suggested. Significantly reduced levels of IGF-1 
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' ^-^ ^ &'Cffl?nm > to . 35: 145-150 (1991) Uttrffi^. 
oflGF-linachDdwiihian^nn ^ "wts of the infiaion 

"^''^"'^nDwarfumis described in Walter ttal •IT^m^.b , 
^^^""al^^tMsd^ 324(21):l483-,488 (1991). Increased weJ^" ^^^"^ 

- -sole p„.. n^tsT^rr"^ 

having a deletion of the fimfh«. • wth IGF-1 or IGF-1 

Am. J Phy cH 2finrt:„H • , " "Ported in Lemmey et al 

'^''^-'-CtUaisL. 260 (Endocrinol. Metab. 23) E213-E219 fl99n a u- 

platelet-derived growth faaor and insulin-like ««whf A combnudon of 

P^Hodontal re„ in heag.e .ZZT.,t2:T?T' 

^6:545-548(1989). syner^ti, el^ecuTpUtel^^:^ 1^^^;^^ 

wou«, healing are reported in Lynch etal pIvirTT ^ '^''-^ " 

effects of IGF-1 and .rmwth hi ^«=«^-NalL^ajL^ 84:7696-7700 (1987). 

rand growth hormone on longitudinal bone • 
in Scheven and Hamilton Acta BnHn.- , • ^ «^ s« forth 

© reuronai ceus in a mammal is descrih«rf in tt c 

in colostnim as reported in « . ' ' " »PinaI fl"id «d 

F™„^ . • ^-^'"^niflffri 83:4904^907 ^9ft^^ 

^ « al., BioshsBlisU^ 251:95-103 (1988) I„ vim> ^n/t 

this variant is equir»tent to rrp . • u- *^ ^""^ 

" cquipotent to IGF-i u, binding to IGF cell «,rfii^ 

stimulating ceU niitogenesis. TT.us the fct tL "^"^ ^ 

inus, the first three ammo acids of IGF-l appear to be 
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nonessential for the binding of IGF-1 to its specific ceU surface recqjton. (Desl-3)IGF-1 
was found to have greatly reduced affinity (100-fold less) for certain IGF binding proteins, 
specifically IGFBP-I and IGFBP-2, as reported in Forbes et al.. Bk>ch«n Wnphv, i^,. 
CsannL, 157:196-202 (1988); and Caiisson-Skwiiut et al.. Kochiin «inpi| Yfi 
1101:192-197 (1989). The binding of IGFBP.3 to (desl-3)IGP-l also is afTected, being 
reduced by two to three fold. Animal studies have shown that ((fesl-3)IGF-l, when given 
by cominual subcutaneous inliision, is more potent than IGF-1 in stinmlating a nmnber of 
anabolic fiinctions, such as growth, reported in Casdari et aL, J. Biwlnrrh^ipg y^ 123:373- 
381 (1988) and Gillespie et al.. J. EndocrinnlngY 127:401-405 (1990). The enhanced 
properties of (des]-3)IGF-l are beUeved to resuh horn its reduced affinity for IGF binding 
proteins, reported in Carlsson-Skwirut et al., Biochim. Bi^y^ 1101:192-197 
(1989). The reduced affmity of (de5l-3)IGF-l for IGF binding proteins results in (desl- 
3)IGF-1 having a shorter circulating half-life than wild type IGF-1 as reported in Ciscleri 
et al., J. En^jffcrinolory. 123:373-381 (1988). Tterefore, ((tesl-3)IGF-l must be 
administered by continual infusion or by multiple daily injections in enter to clfect its 
enhanced potency. 

PCT i^lication PubUcation No. WO 89/05822 pubUshed on June 29, 1989, 
describes other modifications of IGF-1 . ITiis appUcation describes substituting the third 
amino acid from the N-tenninal end of the naturally occuning IGF-1 whh glycine, 
glutamine, leucine, aiginine or lysine to form IGF-1 muteins. This reference however does 
not teach leplaciag the third amino acid widi cysteine. 

"Die paential therapeutic usefutaess of IGF-1 and (desl -3) IGF-1 is limited by their 
short circulating half-Uves to situations when the proteins can be administered by continual 
infusion or by multiple daily injections to achieve their maximum ther^)«itic potential. As 
an example. Woodall et al. . Honn. Metah P«,, 23: 581-584 (1991), nsports Uiat tite same 
total dose of IGF-1 administered four times daily by subcutarcous injection was far superior 
in stimulating growth in mutant lit/lit mice (growth honnone deficient mice) than was die 
same total dose administered once daily. 

There are many cases in which it wwild be preferable to administer IGF-1 in a 
single once-a-day injection or in a singte injection givai once every several days. For 
injectable drags, patient compliance is expected to be higher for dnigs tiiat can be 
administered once a day rather Uian several times a day. In enter for IGF-1 to be 
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therapeutically effective when pven once a day or once every few days, methods must be 
developed to increase its circulating half-life. 

Increasing the molecular weight of a protein by covalcntly bonding an inert polymer 
chain such as polyethylene glycol (PEG) to the prwdn is known to iiu:iease the diculating 
half-life of the protein in the body. See, for example, Davis et al, Biomedical pp lynitr^; 
Pplvrperip M^tgyialg and Pharmaceuticals for Biomediail TTuff , p. 44^51 (1930) 
However, since multiple PEG molecules can bind to jaxrtdn molecule, ami becmise 
there are typicaUy a large number of rites on each protein motocule suitable for Wndii^ to 
several PEG molecules using known medwds. ttere has been little sikxxss in attaching PEG 
to yield homogeneous reaction products. See Goodson et al. Biotechnnlngy , 8:343 (1990), 
and U.S. Patent 4,904,584. This lack of site attachment specificity can give rise to a 
number of problems, including loss of activity of the protein. 

Thus, a need exists for prolonging the circulating half life of IGF without 
compromising its useftibiess as a therapeutic agent. The present invention satisfies this need 
by increasing the molecular weight of the IGF. TWs is accomplished by providing muteins 
of IGF suitable for thiol-specific attachment of PEG to IGF and PEG conjugates formed 
from such muteins. 

Summary nf the Invern jQp 

The invention relates to various modified forms of IGF. One type of modified IGF. 
refened to as muteins, is produced by rq)lacing cysteine residues for ^ific amino acids 
in the wild type molecule, or by inserting cysteine residues adjacent to or between amino 
acids in the wUd type molecule. Cysteine residues which are not involved in intramolecular 
disulfide bonds are considered to be "free". Cysteine residues can be substituted or inserted 
in regions of the IGF molecule that are exposed on the protein*s surface. For example, the 
non-native cysteine can be inserted or substituted within the first or last twenty amino acids 
of wild-type IGF-1 . This non-native cysteine is expected to be free and to serve as tlte 
attachment site for the polyethylene glycol (PEG) molecules to IGF, resulting in PEGylated 
molecules. In some cases, however, during refolding of the mutdn or during reduction of 
the mutein before reaction with PEG, the non-native cysteim; can become involved in a 
30 disulfide bond and thereby free a native cysteine for PEGylation. Attachment of the PEG 
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molecule .o a lutein creates a funher modified form of IGF. or IGF-PEG conjugate of 
defined structure, wl,eie the PEG is attached to the IGF at a free cysteine residue 

Thus, the present invention is directed to a polyethylene glycol (PEG) conugate 
con^prising PEG and a mutcin of IGF. ami particulariy IGF-l . where the PEG is attached 
to the mutein at a non-native cysteine. PEG can be attached to the fiee cysteine through 
a thtol-specific activating group incl«ling. for cnunple. malehnide. sulfhydryl. thiol 
tnflate. tresylate. aziridine. exirane and 5-pyHdyl. A «ftable PEG can have a molecuto 
weightof5kDa,8.5kDa.lOkDaor20kDa. Tl« PEG conjugate of the present invention 
can also contain a second protein to fonn a dumbbeU. Methods of nuUdng a« PEG 
conjugates are also provided. 

Moreover. PEG is known to increase the cireulating half-life of a protein in the 
body. Ttus, IGF can be administered to patients less frequently with equal or better 

effectiveness than in the past. 

n.e present invention is further directed to muteins of IGF particularly those having 
a non-native cysteine in the N-terminal or C-tenninal region of the mutein. TT« muteins 
can be produced by recombinant methods. 

Also provided in the present invention are pharmaceutical compositions comprising 
the IGF-PEG conjugate and methods of using the IGF-PEG conjugate to treat a patient 
havmg or potentiaUy having an IGF associated condition. 

20 DOaUed Pesfrintinn nft^r inycnTi-r 

The presem invention is directed to modified forms of insulin-like growth fector. 
aGF) that provide beneficial properties not exhibited by wild-type IGF. Tbe modified 
forms of IGF incU.de muteins of these growth factors, comaining at least one free cysteine 
Conjugates containing the IGF muteins attached to polyethylene glycol (PEG) are also 
considered modified forms of IGF. 

Terms used throughout the specification and claims are defined as follows: 
The term ^GF- refers to any polypeptide that binds to the IGF type I Receptor 
mcludmg. for example. IGF-I. IGF-2. (desl-3)IGF-l. (R3)IGF-1 which is amutefa. having 
a non-native arginine at residue number 3, and insulin. This hormone family is described 
u. Blundell and Humbel. mm, 287:781-787 (1980). Due to this common receptor 
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bindini. the teachings of the present invention which are described with xespca to IGF-1 
are intended to encompass IGF-2. des(l-3) IGF-1, (R3)IGF-1. and insuliii also. 

The tenn "wild type IGF" refers to the unmodified or natunlly occmiing IGF. Ttis 
tennis used interchangeably with -IGF." "naturally occuninglCT,- or "aaiive IGF." Ite 
term "wild type IGF" also refers to native IGF to which a methionine residue has been 
added at the N-terminus. 

Tht tarn -wUd type IGF-l" lefen to the umnodified or natuiaflynxxuiring 70 
amino acid form of IGF-1. TTiis term is used interchangeably with IGF-l,' -nitnrally 
occurring IGF-l," and "native IGF-l." The tem "wUd type IGF-P also refers to native 
IGF-1 to which a methionine residue has been added at tiw N-termimis. 

The term "non-native" refers to that which is not found in the native molecule. 
The term "IGF-PEG conjugate" refers to an IGF molecule attached to a polyethylene 
glycol molecule. This is also referred to as a "Peg conjugate". 

•n»c term "N-tcrrainal region" refers to approximately the first twenty amino adds 
from the N-teiminus of IGF or an IGF mutein. and up to twelve amino acids preceding the 
first amino acid of the N-tenninus of IGF. 

The term "N-terminus" refers to the first amino acid at the N-teiminal region in the 
sequence of wUd-type IGF, for example, glycine in IGF-1. 

The term "C-tcrminal region" refers to aproximately the last twenty amino acids 
from the C-terminus of IGF or an IGF mutein and up to twelve amino acids following the 
last amino acid of the C-terminus of IGF. 

The term "C-terminus" refers to the last amino acid at the C-tenninal region in the 
sequence of wild-type IGF, for example, alanine in IGF-1. 

TTie term "mutein" refers to a modified form of IGF, which has been modified to 
25 contain a non-native cysteine. 

The term "retain biological activity" refers to having at least 10% of the mitogcnic 
activity of wild type recombimmt IGF as measured by the relative amount of 'H-thymidine 
mconx«ated into UMR106 lat osteosarcoma cells, in the absence of IGF binding protein-1 
using the assay described herein. THe muteins and the conjugates of the present invention 

30 retain biological activity. 

The term "activating group" refers to a site on the PEG molecule which attaches to 
the mutein. 
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The tenn "phannaceutically acceptable carrier" refers to a physioIogicaUy- 
compatible, aqueous or non-aqueous solvent. 

The term "free cysteine" refers to any cysteine residue not involved in an 
intramolecular disulfide bond. 

Hie term "IGF associated condition" refers to an existing or potential adverse 
physiological condition which results from an overproduction or uadaproduction of IGF. 
IGF binding protein or IGF receptor, inappropiiate or inadequate binding of IGF to biodiag 
proteins or receptors and any disease in which IGF administiation allevialBS disease 
symptoms. An IGF associated condhion also refen to a condition in which administration 
of IGF to a normal patient has a desired effea. 

The term "patient" refers to any human or animal in need of treatment for an IGF 
associated condition. 

The IGF muteins of the present invention are produced by modifying wfld-type IGF, 
particularly at the N-tenninal or C-terminal region of the protein. Such modifications can' 
be substitutions or additions of at least one cysteine residue. An IGF mutein can be 
pnxiuced by replacing a specific amino acid wfth a cysteine, such as, for example, 
substituting one of the first or last four amino acids of IGF-1 with a cysteine residue. n« 
amino acid sequence of wild type IGF-1 starting fiom the N-terminal end is: G P E T L 

CGAELVDALQFVCGDRGFYFNKPTGYGSSSRRAPQTG 
IVDECCFRSCDLRRLEMYCAPLKPAKSA(SEQIDNO. 1). 

Other modificaUons include, for example, adding at least one cysteine residue in 
from of the fust or af^er die last amino acid of IGF. For example, a cysteine residue can 
be insened in front of and adjacent to the first amino acid of IGF. For muteins pioduced 
by E^. the non-native cysteine can appear between Met and the first amino acid of IGF. 
A free cysteine residue can also appear in a group of about twelve or less amino acids 
inserted before the first or after the last amino acid of IGF to form a longer IGF mutein. 

In particuUrly useful embodiments, the non-native cysteine residues are located in 
regions of the IGF-1 molecule exposed to the protein's surfece. n«. N-terminal region, for 
example, is involved in the binding of the IGF to bmding proteins, but is not involved in 
binding of IGF to cell surface IGF recepton. 

An IGF-1 mutein of the present invention is also refeircd to as "a cysteine mutein 
of IGF-1. - The non-native cysteine residue can act as the attachment site for covalent 
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linkage of the activating group on the polyethylene glycol. Aheraatively. the non-native 
cysteine can become involved in disulfide bonding thereby freeing a native cysteine residue 
for thiol-specific attachment to PEG. Tb. newly created molecule conqmang the cysteine 
mutein of IGF with the PEG attached is referred to as a "PEG coigugite of IGF'. 

nie IGF muidns of the present invention can be prepared by mediods well known 
to one skilled in the ait. Such methods indude nmtagenk techaiqoes for iqrfacenwrt or 
mseition of an amino acid residue, as described, for ewmple. in U.S. Patent 4,518,584. 
incorporated herein by reference. TT»e muteins produced by mutagemctechniipics caii'then 
be expressed as recombinant products according to procedures known to those sidUed in the 
an. The muteins can alternatively be symhesizcd by conventional methods known in the 
an. n.e IGF muteins can also be prepared according to the methods «a techniques 
described in the examples set forth below. 

TTie present invention also provides IGF-PEG conjugates and methods of making 
such conjugates by attaching the IGF muteins to polyethylene glycol to increase the 
cuculating half-life of the molecule in die body as weU as decrease its affinity to IGF 
binding proteins. 

In the presem invention long chain polymer units of polyethylene glycol (PEG) are 
bonded to the mutein via a covalem attachment to die sulfhydryl group of a free cysteme 
residue on the IGF mutein. Various PEG polymers with different molecubir weights 5 0 
kDa (PEGW. 8.5 kDa (PEG^. 10 kDa (PEG.„W. and 20 kDa (PEG„^ can be used 
to make the IGF-PEG conjugates. In order to obtain selectivity of reaction and 
homogenous reaction mixtures, it is useful to use ftinctionalized polymer units that will 
react specifically with sulfhydryl or thiol groups. TT^ functional or reactive group attached 
to the long chain polyethylene glycol polymer is the activating group to which tiw IGF 
mutein attaches at a free cysteine site. Useful activating gnmps inchide. for example 
maleimide. sulfhydryl. Uiiol, triflate, tresylate, aziridine. exirane. or 5-pyridyl. 

In another embodiment, polyetiiylene glycol (PEG) polymers containing two 
activating groups can be used to create "dumbbeU" type molecules containing two IGF 
muteins attached to one molecule of PEG at each end of die PEG molecule. For example. 
PEG bis-malemide (a polyethylene glycol polymer comaining a maleimide activating group 
on each end of the PEG molecule) can be used to create tiiese "dumbbeU" type molecules, 
niese dumbbeU molecules can also comprise a single IGF mutein covalentiy adached via 
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PEG to a second protein or peptide of different stnicture. Tht second pnxeiii or peptide 
can be. for example, a growth factor such as platelet-derived growth factor, or fibroblast 
growth factor. 

One skiUed in the an can readUy (tetennine the appmpnatc pH, conceotnticm of 
protein, and ratio of protein:PEG necessaiy to produce a useful yield of dtfaer mono- 
pegylatedIGF-1 aGF-PEG),ordumbbeniGF-l aOP-PEG-IGF.IGF-PEG-PDGF.orlGF- 
PEG-FGF) using conventitwial methods known to aat skiltod m the ait for maU^g these 
deteiininati<His. 

The invention present also inchidesphannaceuticalcompositkms. Hie IGF muteins 
and PEG OMijugates can be in a phannacoitically.accqjtable carrier to fonn die 
phamacemical compositions of the present invention. Hie term "phaimaceutically 
acceptable carrier" as used herein means a non-toxic, generaUy inert vehicle for the active 
ingredient, which does not adversely affect the ingredient or the patient to whom the 
composition is administered. Suitable vehicles or carriers can be found in standard 
pharmaceutical texts, for example, in Remington'. Pharmacemial Kith ed.. Mack 

Publishing Co., Easion, PA (1980). incorporated herein by lefenmce. Such carriers 
include, for example, aqueous soluUons such as bicarbonate buffers, pttospbaxe hiffers, 
Ringer's solution and physiological saline. In addition, the carrier can contain other 
pharmaceuticaily-acceptable excipients for modifying or maintaining the pH, osmolarity, 
viscosity, clarity, color, sterility, stabiUty, rate of dissolution, or odor of the formuhition. 

The pharmaceutical compositions can be prepared by methods known in tte art, 
including, by way of an example, the simple mixing of reagents. Those skilled in the ait 
will know that the choice of the phannaceuUcal carrier and the appropriate prepararion of 
the composition depend on the intended use and mode of administration. 

In one embodiment, it is envisioned that the carrier and the IGF mutein or conjupte 
constitutes a physiologically-compatible, slow-release foimuUtion. TTic primary solvent in 
such a carrier can be either aqueous or non-aqueous in nature. In addititm, tte carrier can 
contain other pharmacologicaUy-acc^table excq)ients for modifying or ni»intai«;ne the pH, 
osmolarity, viscosity, clarity, color, sterility, stability, rate of dissolution, or odor of the 
formulation. Similariy, the carrier can contain still other phaimacologically-accqjtable 
excipiems for modifying or maintaining the stability, rate of dissohition, release, or 
absorption of the IGF mutein or conjugate. Such cxciponts are those substances usually 
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and customarily employed to fomulatc dosages for parenteial adminiamion in either unit 
dose or multi-dose form. 

Once the pharmaceutical composition has been formulated, it can be stored in sterile 
vials as a solution, suspension, gel, emulsion. soUd, or defaydnted or lyophilized powder. 
Such foraiulaUons may be stored either in a ready to use form or reqoiriog reconstitution 
immediately prior to administration. Hk preferred stonge of such fbmralatioiis is at 
tcmperamres at least as low as 4°C and preferably at -TOT. It is also preferred that such 
formulations containing the IGF mutein or coigugate are stored and atbninistered at or near 
physiological pH. It is presently beUeved that adminisnation in a fbrmuktioa at a high pH 
(i.e. greater than 8) or M a low pH (i.e. tess than 5) is undesirable. 

TTie manner of administering the fonnuladons containing the IGF mutein or 
conjugate for systemic deUveiy can be via subcutaneous, intnunuscular. intravenous, ond. 
intranasal, or vaginal or rectal suppository. Preferably the manner of administration of the 
formulations containing the IGF muteins or conjugates for local deUvery is via 
intraaiticular. intratracheal, or instillation or inhalations to the respiratory tract. In addition 
it may be desirable to administer the IGF muteins or conjugates to specified portions of die 
alimentary canal either by oral administration of die IGF muteins or conjugates in an 
appropriate fonnuladon or device. 

For oral administration, die die IGF muteins or conjugates are encapsulated. TTie 
encapsulated IGF muteins or conjugates may be formulated wid. or witiiout 
pharmaceutically-acceptable earners customarily used in die compounding of solid dosage 
forms. Preferably, die capsule is designed so diat the active portion of die formulation is 
released at diat point in die gastro-intcstinal tract when bioavailability is maximized and 
prc-systemic degradation is minimized. Additional exclpients may be included to fecilitate 
absorption of die IGF muteins or conjugates. DUuents. flavorings, low melting point 
waxes, vegetable oils, lubricants, suspending agems, tablet disintegrating agents, and 
binders may also be employed. 

Regardless of die manner of administration, die specific ckise is calculated according 
to die approximate body weight of die patient. Chher factors in determining die a^iiDpriate 
dosage can inchide die disease or condition to be treated or prevented, route of 
administration and the age, sex and medical condition of die pateint. In certain 
embodiments, die dosage and administration is designed to create a preselected 
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concentration range of the IGF muteins or conjugates in the patient's blood stream. It is 
believed that the maintenance of circulating concentrations of the IGF muteins or conjugates 
of less than 0.01 ng per ml of plasma may not be an effective compositfen, while tte 
prolonged maintenance of circulating levels in excess of 100 per tsU may lave 
S undesirable side effects. Further lefu^em of the cakulaticms necessaiy to d^enniK the 
an)ropriate dosage for treatment involving each of the above intoned formulations is 
routinely made by those of ordinary skill in the an and is within the ambit of tagW lootisdy 
performed by tl»m without undue cxperimentaticm, eq)ecially in light of tt» dosage 
information and assays disclosed tercin. These dosages may be ascertained thitnigh use 
10 of the establisted assays for determining dosages utilized in conjunctiOT with apprtjpriate 
dose-response data. 

It should be noted that the IGF mutein and conjugate pharmaceutical compositions 
described herein may be used for veterinary as well as human q^plkations and that the term 
"patient" should not be construed in a limiting manner. In the case of veterinary 
15 applications, the dosage ranges should be the same as specified above. 

The pharmaceutical composition of the present invention can be used to treat a 
patient having or potentially having an IGF associated condition. Some of these conditians 
can include, for example, dwarfism, diabetes, periodontal disease and osteoporosis. The 
pharmaceutical composition of the present invention can also be used to treat a condition 
20 in which administration of IGF to a normal patient has a desired effect; for example, using 
IGF-1 to enhance growth of a patient of normal statore. 

The following examples are intended to illustrate the present invention and are not 
imended to be limiting. 

EXAMPLE ] 

25 A. Construction of the IGF-1 gene 

Hie IGF-1 gene was assembled in two stages. Initially, the DNA sequence errcoding 
IGF-1 was joined to DNA sequences encoding the secrttoiy leatter sequence of tte £. coli 
OMP A protein (ompAL). This gerw fusion was constructed in order to ctet^mine wtether 
IGF-1 could be efficientiy secreted from E. coli. A second construct, in which IGF-1 is 

30 expressed as an intracellular prcKein in E. coli, was created by cteleting DNA sequmes 
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encoding the OmpA leader sequence and replacinf them with DNA sequences that aDow 
intracellular expression of IGF-1. 

B. CoDstiuctioa of the OmpAL-IGF-l geat fawn 

The four synthetic oligonucleotides labeled OmpAlU- 

5'GATCCGATCGTGGAGGATGATrAAATGAAAAAGACAC5CTATCGCGATCQCA3- 
(SEQ ID NO. 2), OmpA2U: 5'GTGGCACTOGCTGGTTrCGCTACCGTA 
GCGCAGGCCGCTCCGTGGCAGTGC3' (SEQ ID NO. 3). OnqwVlL: 5'CAGTCC 
CACTGCGATCGCGATAGCTGTCirriTCATrrAATCATCCTCCACGATCGS' (SEQ 
ID NO. 4) and OinpA2L: 5'GCACTGCCACGGAGCGGCCTGCGCTAC 
GGTAGCGAAACCAGC3' (SEQ ID NO. 5). were annealed paiiwise (lU + IL and 2U 
+ 2L) and the pain ligated togedier. All four of these oligonucleotides were synthesized 
using DNA synthesizen purchased from AppUed Biosystems (Models 391 and 380A). The 
ligation mixture was then digested with the restriction enzyme Hadn. Tbt resulting 
BamHI/Haein restriction fragment coding for a tianslational start signal and the first 21 
amino acids of the ompA signal sequence was purified. This DNA fragment was mixed 
with Bamm + Psa-digested PUC18 DNA (commercially available from Boehringer 
Mannhein Biochemicals, Indianapolis, IN) and the two synthetic oligonucleotides (IQF-1 
(1-14) I] + L] 5'CCGGTCCGGAGACTCTCTOCGGCGCAGAACTGGTroAC 
GCTCTGCA3' (SEQ ID NO. 6) «,d S'GAGCGTCAACCAGTTCTGCGCCGC 
ACAGAGTCTCCGGACCGG3' (SEQ ID NO. 7) were ligated together. TT^ ligation 
mixture was used to transform strain JM109 (commerciaUy available from New 

England Biolabs, Beveriy. MA) and individual colonies isolated. THese plasmids 
(OmpAUGF-lpUClS) have a translational start signal foUowed by DNA sequences 
encoding the OmpA signal sequence and the first 14 amino acids of IGF-1 . 

An M13 phage containing DNA sequences encoding amino acids 15 through 70 of 
IGF-1 was cieated by Ugating together the two complememary pairs of oligomideotides 
aOFlU + IL and IGF2U + 2L) 5'GTrCGTATGCGGCGACCGTOGCrrc 
TACTTCAACAAACCGACTGGCTACGGTTCCAGCTCTCGTCGTGCACCGCAG 
ACTGGTATC3' (SEQ ID NO. 8) and S'TTCGTCAACGATACCAGTCTCCGGTCC 

ACGACGAGAGCTGGAACCGTAGCCAGTCGGTTTGTTGAAGTAGAAGCCACG 
GTCGCCGCATACGAACTGCA3' (SEQ ID NO. 9) and cloning the DNA fragment into 
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PsU + Hindin-digcsted M13 inpl9 DNA (commercially available from New England 
Biolabs, Beverly, MA). Double-stranded DNA was purified from a pbage clone and the 
Pstl/Hindm fragment racoding amino acids 15-70 of the IGF-1 pnftdn were isolated. This 
DNA fragment was ligated together with + HindQI-digested phsroki OmpAIIGF- 

5 IpUClS DNA and used to transform E. coli strain JM107 (omimrodally available from 
GIBCO BRL, Gaithersburg, MD) . The BamHI/Si»IIII fragn^ comiining tbc IGF-1 gme 
fused to the OmpAL sequence was isolated and ctoned iito the BamHI + Htndlllgenented 
site of plasmid pT3XI-2 (described in PCT AppHcaxion publication WO 91/(K285 puUisfaed 
on June 13, 1991). The completed plasmid containing the ompAL-IGF-1 gaac ^sskm is 

10 called pT3XI-2 crlOC(TC3)ompAUGF-l . 

C. Construction of tt^ Methionyl-IGF-1 gene 

The BamHI/Hindlll fragment containing the OmpAL-IGF-1 gene fusion (tescribed 
above was purified from plasmid pT3XI-20lOC(TC3)ompALIGF-l and digested with Hinfl. 
The approximate 200 bp Hinfl/Hindin DNA fragment was mixed with the annealed, 

15 complementary synthetic oligonucleotides (KfcflGFlU + IL) 5'GATCCGATCGT 
GGAGGATGATTAAATGGCCGGTCCGGAG3' (SBQ ID NO. 10) and 5'AGT 
CTCCGGACCGGCCATTTAATCATCCTCCACGATCGS' (SEQIDNO. 11) ami ligated 
with BamHI + Hindm-digested plasmid pT3XI2 DNA, and used to transform E. coli 
JM107. The complied plasmid construct is caUed ol0C(TC3)IGF-lpT3XI-2 and contains 

20 an extra alanine residue in between the initiator methionine and the beginning of the IGF-1 
sequence. The BamHI/Hindni fragment containing the mutant IGF-1 gene was isolated and 
ligated into the BamHI + Hindm generated site of plasmid pT5T (described in Nature, 
Vol. 343, No. 6256, pp. 341-346, 1990). The ligation mixture was used to transfonn E. 
coli BL21/DE3 described in US Patent 4,952,496 and the resuWng individual colonies were 

25 isolated. This construct was named 0lOC(TC3)IGF-lpT5T. 

The extra alanine codon was removed by in vitro mutageimsis. In vitro mutagmesis 
was performed using a Muta-Gene kit purchased from Bio-Rad Laboratories (Ridunond, 
CA). The mutagenesis procedure followed was essentially that ctescribed in tte instroctions 
that accompany the kit. Plasmid 0lOC(TC3)IGF-lpT3XI-2 was digested with BamHI + 

30 Hindm and the _200 bp DNA fragment containing the mutant IGF-1 g^» was purified and 
cloned into the BamHI and Hindm sites of plasmid M13 mpl9. 
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UracU-containing single-stranded template DNA was pncpaied following propagation 
of the phage in E. coli strain 0236 (suK)lied with Muta-Gcne iCit pardiased from Bio-Rad 
Laboratories, Richmond, CA) . The oligonucleotide used for mutagenesis had tlw sequ«ice: 
5*GATGATrAAATGGGTCCGGAGACT3' (SEQIDNO, 12). The mutagenesis reaction 
produa was used to transform E. coli stiain JM109 aiKi indfivMual fhspm pkked. 

Double-straiKled rq)licati ve form DNA ftom individual phages was isolated, digested 
withBamffl + Hindmandthe JOObpfragmCTtccmtainingttelGF^ 1^ 
purified DNA was cloned into the BamHI + BmSSn gatenoed site of plasmki pT5T ami 
used to transform E. coli strain BL21/DE3. One bacter^ colony with tte coirea plasmid 
was named 0lO(TC3)mutIGF-lpT5T. Several isolates were sequenced, and all were 
correct. 



EXAMFLE2 
Construcdtn of IGF-1 Mutcins 
Several muteins of IGF-1 were constructed. Three of the muteins replaced each of 
the first three amino acids of IGF-1 with a cysteine residue. These muteins are referred 
to as CI, C2, and C3, respectively. A fourth mutein introduced a cystdiw residue between 
the N-terminal methionine residue and the first amino add of IGF-1. This mutein is 
referred to as -IC. 

The -IC, CI, C2 and C3 muteins of IGF-1 were made using the polymerase chain 
reaction (PCR) technique as described below. The starting plasmid used for the mutagenesis 
experiments was 0lO(TC3)muaGF-IpT5T, which is described in Example 1. This plasmid 
contains DNA sequences encoding an initiator methionine followed by the sequence of the 
natural human IGF-1 protein. Mutant IGF-1 DNA sequences were amplified from this gene 
using a 5' mutagenesis oligonucleotide that contained tte ctesired mutation and a 3' 
oUgonucleotide of correct sequence. The 5' mutagenesis oUgcmucleotides were dcsigiKsd 
so that they incorporated the first methionine of the goie as part of an Nde I rcsirktion 
enzyme cleavage site (CATATG). Each mutagenesis oUgtmuclertide contained ti» ctearcd 
mutation foUowed by 15 to 21 nucleotides that were a perfect match to tte IGF-1 ^e 
sequeiu:es in plasmid 0lO(TC3)mutIGF-lpT5T. The 3' oligonucleotide was 25 nucIe(Ai<tes 
long and was designed to encode the last 6 codons of IGF-1 and to contain the Hind m site 
that follows the stop codon. 

15 



wo 95/32003 



PCTAIS95/06540 



In addition, a wild type clone was made in the same manner using tte Nctel site of 
pT5T (described above) as the first methionine. This wUd type clone is designated 85p-ll. 
The oligonucleotides used to constnicl the -IC, CI , C2 and C3 mutdns ami tte 85p-l 1 wfld 
type clone are set forth in Table 1. 
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Polymensc chain reaction (PCR) was performed in lOOul reactions containing 20 
mM Tris pH 8.8, 10 mM KCl, 6 mM (NH4)2S04, 1.5 mM MgCI2, 0.1% Triton X-100 
using 20 pmole of each oligo and aR)roximaicly Ing of plasmid 0lO(TC3)muflGF-lpT5T 
as template DNA. O.Sul (1.25 units) of Pfu polymerase (Stratagene, San Dk^, CA) was 
5 added after the first denaturation step with the tubes teld at 6S^C. Tte leactKsns wot 
overiayed with 2 drops of mineral oil at that time. Tbt xeactums wm cycted 30 times for 
1 min. at 95**C, 1 min. at 65**C, and 1 min. at 72"C in an Ericomp Twinbkxrk* tfacnnal 
cycler (Ericomp, San Di^o, CA). After the last cycte the reactions were bcM at 72oC for 
10 minutes. 

10 After PCR, 80ul of the reactions were phenol extracted one time tten ^hanol 

precipitated. The precipitated DNA was resuspeiuied in 80ul of TE buffer (10 mM Tris- 
HCl pH 8.0, 1 mM EDTA) and 20ul was digested with Ndc I and HiiKl m and 
electrophoresed on a 1.5% agarose gel. The amplified DNA bands that ran at 
syjproximaiely 2l0bp were eluted using NA45 paper (Schleicher and Schuell, Keene, NH) 

IS according to the manufacturer's instructions. The eluted DNA was iesuq>ended in 20ul of 
TE buffer and 2ul was ligated to gel-purified Nde I and Hind m digested plasmid pTST in 
a volume of 20ul. Plasmid pT5T is described in Example 1. The ligation reactions were 
used to transform E. coli strain BL21/DE3 and colonies selected on LB agar plates 
containing 50ug/ml of ampicillin. Mini plasmid DNA preps were macte from several 

20 colonies from the transformation plates. The DNAs were digested with Eco RV and Hind 
in to detenmine which transformants contained IGF-1 DNA inserts. Plasmids containing 
IGF-1 DNA inserts were sequenced to verify that the inserts were correctly mutated (the 
entire IGF gene was sequenced for each mutem). 

Preliminary growth studies were performed by growing a representative transformant 

25 for each mutein in Luria Broth + 12ug/ml tetracycline to an approximate OD^ of about 
1.0. Isopropyl-beta-D-thiogalactopyranoside (EPTG) was added to 1 mM to imfaice 
expression of T7 polymerase and the subsequent transcription and translation of die IGF 
muteins. .proximately 0. 1 OD unit of cells were lysed in SDS sample buffer by boiling 
for two minutes and electrophoresed on a 16% polyacrylamide SDS gel. The gel was 

30 stained with Coomassie blue. IGF-1 protein bands of the expected size, which is 
^^proximately 7-8 kDa, were observed in the lanes loaded with iiuluced cells for each 
mutein as well as for the wild-type control. 
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Muteins in which cysteine was substituted for the amino acids at residues 11, 12, 
15, 16, 55. 64, 65, 67 and 69 of the wild type IGF-1 were also prepared using PGR. The 
PGR template was either the fiiU-lragth plasmid from clone 8Sp-ll or tte Ndel-Hindni 
fragmrat from clone 85p-l 1 containing tte wild type IGF-I gene. 

For muteins CIl, C12, C15 and C16. 5' oligonudeotktes were synthesized that 
incorporated tte first methionine as part of tte NcW site (CATATG) and each comained 
the mutation desired followed by 21-24 nuclemictes that were a perfect match to ck)i» 85p- 
11. These oligonucleotides are set forth in Table 2. For the 3* aid of the gene, a 25^TCr 
oligonucleotide (IGF(262p)25) that matclred the last 6 cockms of IGF-I phis the Hindm site 
following the stop codon was used. IGF(262p)25 is set forth in Table L 
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For muteins C55, C64, C65, C67 and C69, 3' oligonucleotides that incotporated the 
Hindm site (AAGCTT), the slop codon (TAA) and comaining tte mutation desired 
followed by 21-27 nucleotides that were a perfect match to ctone 85p-l 1 were synthesized. 
For the 5* end of the gene, a 28-mer oligonucleodcte (IGF(85p)28) that matched the first 
5 7 codons of IGF-I plus the initiation codon for m^onine ixmipoiated bto an Ncte2 site 
was used. These oligonucleotides are set forth in Table 3. 
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Polymerase chain reaction (PGR) was perfoimed in lOOul reactions containing 20 
mM Tris pH 8.8, 10 mM KCl, 6 mM (NH4)2S04, 1.5 mM MgCC, 0.1% Tttton X-100 
using 20 pmole of each oligo, approximately Ing of template DNA, ZOOuM of dATP, 
dCTP, dGTP, TTP, 2(^mole of each oligo {Hirner, and lul (2.51J) €f Pfu polymemse 

5 (Stratagene, San Diego. CA). Tlie reactions were cycled 30 times for 1 mixL at 9S°C, 1 
min. at 6ST and 1 min. at Tl^'C in a GeneAmp PGR Systm 9600 (Peridn Eiii^ C^). 
After the last cycle the reactions were teld at 7r*C for 10 min. 

After PGR, the reaction mixture were {mrilied by passing thnm^ ChromaSinn 100 
columns (Clontech Lab. Inc., Palo Alto, CA). Purified PGR fragntents were dige^ed with 

10 Ndel and Hindm and the -210bp bands eluted from 1.5% agarose gel using NA45 paper 
(Schleicher and Schuetl, Keene, NH) according to the mamifioctuier's q>ecificattons. The 
double cut and gel-purified DNA fragments were ligaied to similaziy cut aiKi gel {mrified 
pT5T plasniid at 15°C for 18 hrs. The resulting ligation mixtures wwe used to transform 
£. GoU strain DH5a and plated on LB + ampicillin (50ug/ml) plates. Plasmid DNAs were 

15 prepared from several colonies using the Qiagen plasmid kit and the cxttire IGF-I gene 
sequenced with the Taq DyeDeoxy Tenninator Gycle Sequencing Kit (Applied 
Biosystems). A correct construct was selected for each mutein (clones Gll-1, C12-3, C15- 
1. G16-4, G55-1, G64-1, G6S-1, G67-2, Ce9-1) and transformed into E. CoU strain 
BL21/DE3 for expression. 

20 Preliminary expression studies of the muteins were performed by growing two 

representative transfonnants for each mutein in LB + tetracyclir^ (12ug/ml) to an 
approximate ODaoo Of about 0.6-0.8. IPTG was added to a fmal concentration of ImM and 
the cells allowed to grow for an additional 2 hrs. The IPTG induces the expression of T7 
polymerase and the subsequent transcription and translation of tte IGF muteins. 

25 Aiqjroximately 0. 1 OD unit of the cells (both uninduced and IPTG-iiKhiced) were lysed in 
SDS sample buffer containing B-mercaptoethanol and electn^horesed cm 15 % SDS-PAGE. 
The gel was stained by Coomassie blue and the IPTG-inducibte IGF mutein bands of the 
expected size were observed in lanes loaded with induced cells for each mutein. 
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EXAMPLES 
Bxpiessioii, Scfoldiiig, and Purificaticra of Mntetns 
Althaugb the following is written for Ht^ C3 mutein, the same proceduie q^lies to 
other muteins contemplated by the instant invention. The only diffeieoce is in ttm starting 
5 cells used. 

E. coli cells expressing the IGF-1 C3 mutein were suspected in Buffer A (50 mM 
Tris, pH 7.5. 20 mM NaCl and 1 mM dithioAreitol (DTT) at a c(KK«ntraticMi of 40 ml 
Buffer A to 10 g cell paste, and disnii^ at 1800 psi using a Ftcoch pressure cell (SLM 
Instruments, Inc. , Uibana IL). The suspension was ccntrifuged at 20,000 X g for 30 min, 

10 and aliquots of the pellet and supernatant analyzed by SDS-PAGE, A major hand 
conespomiing to the IGF-1 C3 mutein was present in the pellet, hut not the supernatant. 
The pellet was suspended in Buffer A at a concentration of 40 ml Buffer A to 10 g cell 
paste, and re-centrifuged at 20,000 X g for 30 min. This wash procedure was repeated 2 
times. The fmal pellet containing the IGF-1 C3 mutein was suspended in 6 M guanidine, 

15 50 mM Tris, pH 7.5. 6 mM DTT at a concentration of 25 ml to 10 g ceUs using a ground 
glass homogenizer. The suspension was incubated at room temperamre for 15 min. The 
uiKiissolved prcnein was removed by centrifiigation at 20,000 X g for 30 min. The final 
concentration of the C3 mutein was 1.0 mg/ml. SDS-PAGE analysis of the pell^ and 
supernatant following the procedure of Example 2 showed that IGF-1 C3 mutein was 

20 present in the supernatant only. 

The denatured and reduced IGF-1 mutein was subjected to the following three-step 
refolding procedure: 

1) Oxidized gluuthione, the mixed-disulfide producing reagent (GSSG), was 
added to the supernatant to a fmal concentration of 25 mM, and incubated 

25 at room temperature for 15 min. 

2) The solution was then diluted 10 fold gradually with 50 mM Tiis, pH 9.7, 
and phenylmethylsulfonylfluoride ami cysteine were added to jfinal 
concentrations of ImM and 5 mM, respectively. Final concoxtiation of 
protein was lOOug/ml. 

30 3) The refolding mixture was incubated overnight at 4oC. and then ccntrifuged 

at 20,000 x g for 15 min. SDS-PAGE analysis of the i»llet and supernatant 
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showed that the supernatant was composed of relatively homogCTeous IGF-1 
C3 mutein. 

Aliquots (SOul) of the supernatant were dUuted to 200ul with Buffer B (0.05% 
TFA), injected onto a reverse phase column (RP-4» 1 x 2S(hnm» Syndaom, Lafayette^ IN), 
5 and eluted with 80% ac^nitrile, 0.042 % TFA (Buffer C) usng a Unear gradient (imnase 
of 2% Buffer C/min) at a flow rate of 0.25 mi/min. 

A single major peak rq)resenting refolded IGF-1 C3 matdn duted at 26.5 min. 
Refolded IGF-l C2 mutein eluted at 26.0 min. The retention times of rabbled IGF-1 C3 
and IGF-1 C2 muteins shifted to 32.2 min and 31.7 min, icq)ectivdy, after bdng 
10 completely reduced and (tenatured in 5 M guanidine, 50 mM Tris pH 7.5, 100 mM DTT. 
These results indicate that both the C3 and C2 muteins refold Co a single major spedes 
under the conditions described. N-tenninal sequence analysis of IGF-1 C3 mutein ehiting 
at 26.6 min gave the sequence: M G P C T L C (SEQ ID NO. 29) confirming that a 
cysteine residue has been substituted for glutamic acid in the 3 position of the N-tenninal 
1 5 sequence of natural human IGF- 1 . An extra m^onine residue is present at tiic N-tcrminus 
of the recombinant protein expressed by E coli. N-terminal sequence analysis of IGF-1 C2 
mutein eluting at 26.0 min gave the sequence: G C E T L C (SEQ ID NO. 30) craifmning 
that a cysteine residue has been substituted for proline in the 2 position of the N-tenninal 
sequence of natural human IGF-1. 
20 The refold supematants containing the C5S, C64, C65, C67 or C69 muteins were 

analyzed by diluting 50 ul aliquc^ of the supernatant to 200ul with Buffer B (0.05 % TFA), 
injecting the diluted supernatant onto a reverse phase column (RP-4, 1 x 250mm, 
Synchrom, Lafayette, IN), and eluting with 100% acetonitrile, 0.042% TFA (Buffer D) 
using a linear gradient (increase of 2% Buffer D/min) at a flow rate of 0.25 ml/min. Two 
25 major distinct symmetrical peaks (1:1 ratio of each), Pkl & Pkll, eluted at 20.5 and 21.5 
min, rcq)ectively. This pattern closely resembles the pattern observed for wild type 
("WT") IGF-I (See, Meng, et al,, J. ChrpmatograDhv . Vol. 443, pp. 183-192 (1988)), 
specifically incorporated herein by reference. The earlier eluting peak d>s«V6d in the WT 
refold has been shown to be an isomeric form of IGF-I with S-S assignments C6-C47, C48- 
30 C52, and C18-C61; whereas the later eluting peak is correctly refolcbd with S-S 
assignments C6-C48, C47-C52, C18-C61 (See, Raschdorf ct al., Biomedical & 
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Fnvironinental Mass Spectroscopy , Vol. 16, pp.3-8 (1988), specificsdly incorporated herein 
by reference). 

An asymmetrical peak of varying size eluting at 21.5 - 23.0 min is alK) present in 
the refold aipematani. SDS-PAGE analysis of this material sIkiws that it contains 

5 misfolckd monomer and multimer forms of IGF-I. RF4 analysis of the rrfold supcmatants 
containing tte Cll, C12, CIS or C16 muteins showed the presmce of several peaks doting 
from 20.5 - 21.5 min, as well as significant (50 to 75% of the total) amounts of ^jpaicntly 
mis-folded material eluting at 21.5 - 23.0 min. Tte rrtenti<m time of tl» refolded nmteins 
shifted to 27 min after being completely reduced and (tenatured in 5 M guanidine, 50 mM 

10 Tris pH 7.5. 100 mM DTT. This ctemonstrales that the rrfolded forms "collapse" to a 
single polypeptide after reducdon of disulfides. The RP4 peaks, thenrfbre, reprint 
distinct forms of IGF muteins with different disulfide bonds. 

EKAMFLE4 
Isolation of RcfoUed IGF-1 Mutdn 
15 Refold mixtures (435 ml) prepared from 20g of E, coU paste ccmtaining eilher d>e 

refolded C3 or C2 mutein of Example 3 were concentrated to 100ml, acidified to pH 5.5 
with 5M HCl, dialyzed against 20 mM sodium acetate, pH 5.5, and loaded onto an S- 
Scphaiosc (KiarmaciaAJOB, Piscataway, NJ) column (1.6 X 15 cm) previously equilibrated 
with the sodium acetate buffer described above. The bound protein was eluted with a 300 

20 ml linear gradient from 0 to 0.5M NaCl. Three ml fractions were coUecled. A single 
major protein peak eluted at 0.2-0.3M NaCl. AUquots (100 ul and 25 ul) of each peak 
were analyzed separately by reverse phase (RP-4 1 X 250 mm) and gel filtration 
chromatography (Supcrdcx 75 3.2 X 300 mm, Pharmacia/LKB, Piscataway. NJ). Gel 
filiation effectively separates monomen from dimeric and multimeric forms of IGF present 

25 in the refold supematants. Fractions containing predominantly moncmicric (ctetermiiwd 
from gel filtration and RP-4 analysis) C3 mutein were pooled, amcenirated to 2.0 mg 
prmein/ml, and 2.0-5.0 ml aliquots were loaded onto a Scphacryl S-100 (Wiannada/LKB, 
Piscataway, NX) gel filtration coUimn (2.6 X 100 cm) previously cquiUbrated with 20 mM 
sodium acetate, pH 5.5, 250 mM NaCl. The protein was eluted at 2.0 ml/min, and aliquots 

30 (lOul) of each fraction were analyzed by RP-4 reverse phase chromatography and SDS- 
PAGE following the procedure of Example 2. Fractions containing a single refolded 
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species of IGF-1 C3orIGF-l C2 mutein monomer of 95 % or more purity were pooled and 
concentrated to 250 ug/ml. This material was assayed for bioactivity and reacted with an 
8.5 kDa polyethylene glycol as (tescribed below. 

For the Cll, C12. C15. C16. C55. C64, C65, C67 »nd C69 muteins. the refold 
supernatant was dialyzed into 20mM Tris, pH 7.4, concemnted lO-lSX and kaded onto 
a Supeidex 75 gel fUtiation cohimn previously equilibrated with the same buffer. Hie 
monomere were then pooled and loaded onto an RP-4 cohmm (RIM, 2.1 x 250mm, 
Synchrom). and ehtted with 100% acetonitrite. 0.042« IFA (Buffer B) using a lineal 
gradient (increase of 2% Bufer B/min) at a flow rate of 1 .0 nd/min. Hie C12, C55. C64, 
C65, C67 & C69 muteins refolded into 2 distinct RP-4 monomer peaks (1:1 ratio of each! 
Pkl & Hdl) closely resembling the pattern observed for WT-IGF-I (See Meng at al.. cited 
above). The C12 & C15 monomer fractions from Supenlex 75 also contained significam 
amounts of apparently mis-folded material ehiting after Pn (21.5 - 23.0 min). Tlie Cll, 
C15 and C16 monomer fractions contained multiple (3-6) peaks when analyzed by RP-4. 
TTie monomer peaks were coUeaed separately and assayed for bioactivity and subjected to 
mass analysis (see below). 

Mass analysis of the monomer peaks was perfonned using an API m obtained from 
Sciex. Toronto. Canada. Mass analysis was performed on both the refolded (disulfide 
bonds intact) and reduced and denatured monomers. TTie foUowing masses were obtained: 
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TABLE 4 
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These masses of the reduced muteins match, within exj^rimental error, flic e3q)eaed 
masses for a polypeptide with the indicated cysteine mutation. The nosses of the refolded 
monomers match the expected mass of polypq}tides having 3 imruxu>Iecular disilficfe bonds 
and a single mixed disulfide of either cyomt^ - ghttathicn» (Qfs-S-S-OIutitfaiime) or 
S cysteine - cysteine (Cys-S-S-Cys). The mixed disulficte fonn (bring refolding and remain 
intaa because there is no oth^ cysteine residue {sesem in the motecule available to form 
an intramolecular disulfi(te. 

A scale up fMirifkation for tl^ C69 mutein was also p^onned. Hie refcdd mixture 
from 8 gm of wa^ed inclusion bodies (WIBS) was concentrated - lOX to 400 ml, cfialyzed 

10 against 20mM sodium acmte, pH S.S. 200 ul aliquots was loaikd <ntto an Sq)hacryl S-100 
(Pharmacia/LKB, Piscataway, NT) gel filtradon column (10 X 80 cm) prcvimisly 
equilibrated with 20 mM sodium acetate, pH S.S and 2S0 mM NaCl. The fractk>ns were 
eluted at 2S ml per minute, and aliquots (SO ul) of each fraction were analyzed by 
SDS/PAGE. Fractions containing monomers were pooled. 

15 To separate the two isomeric forms of G69, 200 ml of the S-100 moncHner pool was 

diluted with 8(K) ml of 1. 1 M ammonium sulfiate-20mM sodium acetate, pH S.S (Buffer A) 
and loaded onto an Octyl Sqpharose (Pharmacia/LKB, Piscataway, NT) column (2.S X 20 
cm) previously equilibrated with Buffer A. The bound protein was eluted with a 7S0 ml 
linear gradient from Buffer A to SO % Buffer B (S0% ethanoI-20 mM sodium acetate, pH 

20 S.S). 12 ml fractions were collected.. Two major protein peaks eluted at 2S% and 32% of 
Buffer B. Aliquots (SO ul) of each peak were analyzed by reverse phase (RP-4, 1 X 250 
mm). Fractions containing predominantly correctly refolded (determined from RP-4 
analysis) C69, eluting at - 32-38% Buffer B were pooled. Reverse phase analysis showed 
the correctly refolded C69 pool was 9S % or more homogeneous. This material was assayed 

25 for bioactivity (see below). 



EXAMPLES 
PegylatioQ of Muteins 
The C3, C2 and C69 muteins were covalently joined to an S.S kDa polyethylene 
glycol (S.S kDa PEG) or an 20 kDa polyethylene glycol (20 kDa PEG) having a maieimide 
30 activating group in a two step process: 
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1) The purified IGF-1 muteins were partially reduced with DTP in a 15 ml reaction 
mixture comaining 2.3 mg (296 mnoles) IGF-1 mulein, 170 ug DTT (1110 nmoks) in 14 
mM sodium acmte, 33 mM sodium phosphate, pH 7.0. The final ccmcentxation of protein 
was 10 ug/ml, and the molar ratio of DTT:piTJtein was 3.75:1. For iwartmn with the C69 
5 mutein, 91ug DTT (592 nmolcs) was used and the molar ratio of DTTrprmdn was 2:1. 
The reaction mixture was incubated at room tempeiature for 3 hours (5 hours for reaction 
with the C69 mutein) and tenninated by d» addition of 1.0 ml of IM sodium acetate, pH 
S.S. The reaction mixture was dialyzed at 4^C oveini^ against 20 mM sodium acetate 
pH5.5. 

10 2) The partially reduced IGF-1 mutein was reacted with dther the 8.5 kDa PEG or 

the 20 kDa PEG in a 20 ml reaction mixture contaimng 2.3 mg (296 nmolcs) of protein, 
9.985 mg (1174 nmoles) 8.5 kDa PEG in 15 mM sodium acetate. 26 mM sodhira 
phosphate, pH 7.0. The fmaJ conccnnaiion of protein was 1 12 mg/I. The molar ratio of 
8.5 kDa PEG:protein was 4: 1 ; for reaction with the C69 mutein tlw molar ratio of 2QkDa 

15 PEG:protein was 4:1. The reaction mixture was incubated at room tonperature for 3 
houre, and tenninated by placing al 4oC or freezing at -20T. SDS-PAGE analysis of the 
reaction mixture following the procedure of Example 2 showed that aiq)roximately 50* of 
the partially reduced PEGylated C2 and C3 mutein was converted to a mono-PEGylatcd 
species. The C3 and C2 20kDa-PEG conjugates migrated at a relative molecular weight 

20 of approximately 60kDa on SDS PAGE; TheC3andC2 8.5kDa-Peg conjugates migrated 
at a relative molecular weight of about 23 kDa on SDS PAGE. Approximately 20% of the 
partially reduced PEGylated C69 mutein was converted to a mono-PEGylatcd ^ics 
migrating at a relative molecular weight of 67 kDa on SDS PAGE. 

Wild type IGF-1 subjected to the same partial reduction conditions and PEGylation 

25 procedures did not become PEGylated. 

EXAMPLB6 
Putificaticm of Pegylated Muteins 
The pegy lated C2 or C3 mutein reaction mixmres (containing ^^proximately 100-200 
mg protein) were dialyzed extensively at 4°C against 5 mM citric acid, pH 2.6. The 
30 pegylated mutein was sqiaiated from the unPEGylated mutein using an S-Sq)harose 
(Phaimacia/LKB, Piscataway, NJ) cation exchange column (2.5 X 25 cm) previously 
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equilibrated with 5 mM citric acid buffer, pH 2.6. The bound piwein was clutcd with a 
2000 ml linear gradient from 0 to 1 M NaCl. 25 ml fractions wm collected. Pcjgylated 
C2 or C3 muteins eluted at 0.25-0.4M NaCl and the unpegylated pimein duted at 0.8-0.9 
M NaCl. 

5 Fractions containing the pegylatcd C2 or C3 muteins wcic podfid, concemzatcd and 

fuitherpurificdbySephacrylS-200gelfiltradOTchnm 15mlofthecoiK«ttrated 
fractions containing approximately 20 mg of total pnrtdn was k>aded onto a Sq)hacryl S200 
(Phaimacia/LKB, Piscataway , N3) cohinm (2.6 X 100 cm) prefviously ecpnlibnaed with 20 
mM sodium acetate. pH 5.5 containing 250 mM NaCl. Tte protein was eluted at 2.0 ml 

10 per min. The bulk of the material eluted with an apparent MW of 200 kDa. 

The C69-PEG was separated from the ui^ylated C69 mutein by Q-SqAarose 
anion exchange chromatography . 100 ml of the reaction mixture containing 11 mg of total 
protein was loaded onto a Q-Sepharosc anion exchange column column (Pharmacia/liCB, 
Piscataway, NJ) column (2.6 X 100 cm) previously equilibrated with 2QmM Tils. pH 9.0 

15 (buffer A). The bound protein was eluted with a linear gradient of 20mM tiia Ph 9.0, IM 
NaCl (buffer B) at 5.0 ml/min. 10 ml fraction were collected. The C69-PEG eluted at 
50mM NaCl, well separated from the unreacted monomer which eluted at lOOmM NaCl. 
C69-PEG was pooled, concentrated to 13 ml and loaded onto an S-200 gel filtration cohinm 
(2.6 x 100cm) previously equilibrated with 20mM sodium ac^le. ph 5.5, 250 mM NaCl. 

20 EXAMPLE? 

Bioassay of Pegylaled Mutdns 

Recombinant human metIGF-1 (rlGF-l) (Bachera California, Torrance, CA), various 
unpegylated and PEGylated muteins were tested for their relative mitogcnic activity and 
affmity for recombinant insulin-like growth factor binding protein 1 ("IGF-BPl"), which 
25 is described in PCT Application publication WO 89/09792. publisl^d on Ctetober 19, 1989. 

A. Relative MitK^eoic Activity 

The relative mitogenic (growth stimulatmg) activities of the C3 ami C2 mutdns and 
pegylated C3 and C2 muteins were compared to that of wild type IGF-1 by measuring tte 
relative amount of ^-thymidine incorporated into rat osteosarcoma cells when varying 
30 am(Hinis of the proteins were present under senim free conditions. The rat osteosarcoma 
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cells (the UMR106 cell line; obtained from American Type Culture Collection, Accession 
No. CRL-1661 , Rockville, Maryland) were plated at 5-6 X 104 cdls in 0.5 ml of Ham's 
F12 Media (Mediatech, Hemdon, VA) containing 1% fetal boviim senrai. IQO U/ml 
penicillin and 100 piglml sti^tomycin and 2 mM L-glutamiM wcD in 48-weU tissiw 

5 culmre plates (Costar, Cambridge, MA). After iiKaibating for 72 hcmrs at 37'C when tte 
ceUs were confluent, the ceUs were washed twice with phoaphaic buffwed saline (PBS) and 
pre-incubated in senim-free Ham's F12 nwdium containing 100 U/nd pmdllin and 100 
mg/ml stn^nomycin and 2 mM L-glutamine for 24 iKJurs. Aftor tte pre-inariatkm, 0.5 ml 
of F12 senim-frec medium containing serial dilutions (1.0 - 1,000 ng/ml) of iIGF-1, C3 

10 and C2 mutcins, and pegylated C3 and C2 muteins were incubated sejmately for an 
additional 20-24 hours. Each weU was then pulse labeled with 0.5 uCi of 3H-thymidii» 
(NEN Research Products, DuPont Co., Boston, MA) for 4 hours, tten washed with cold 
PBS three times and incoiporated 3H-thymidine was precipitated with cold 7% 
trichloroacetic acid (J.T. Baker Inc., Phillipsburg, NJ). After rinsing with 95% cthanol, 

15 ceUs were solubilized with 0.3 M NaOH and aliquots removed for scintillation counting. 
3H-thymidine was quantitated by liquid scintillation counting. All assays were perfbimed 
in triplicate. 

The C3 and C2 muteins ainl pegylated C3 and C2 muteins were found to stimulate 
the same maximal level of 3H-thymidine incorporation into DNA as recombinant IGF-1. 
20 The potencies of the C3 and C2 muteins and the pegylated C3 and C2 muteins were about 
3 to 4 fold lower than recombinant IGF-1. The ED50 (dose required for half maximal 
activity) of recombinant IGF-1 was 5-10 ng/ml compared with 30-40 ng/ml for unpegylated 
C3 and C2 muteins. and the pegylated C3 and C2 muteins. 

These experiments demonstrate that the mitogenic activity of IGF-l has been 
25 substantially retained by the C3 and C2 muteins and the pegylated C3 and C2 muteins, AU 
four molecules are capable of simulating cells to divide, as nwasured by ^-thymidine 
incorporation into DNA. All four molecules are capable of stimulating ccUs to divi<te to 
the same maximal extent. 

Using the assay described above, the relative mitogwiic activity of of the RP-4 peaks 
30 (described above) of the Cll, 12, C15, C16, C55, C64, C65, C67 and C69 IGF muteins 
and of C69-PEG was also determined. The results of the latter assay is set ft)ith in Table 
5. 
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TABLES 

APPPROXIMATE ED50 OF IGF-I MUTEIN PEAKS & C69-PEG (NG/ML) 



10 
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ND 
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ND 


ND 
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ND 
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ND 


ND 
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ND 


ND 
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-25 
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ND 


ND 
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5-6 


ND 


ND 


C69-PEG 




5-6 






rWT IGF-I 


20 
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WT IGF-I ED,o -4-6 ng/ml 
15 ND - NOT DEIERMINED 
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The milogenic activity of Peaks H of the C12, C16, C55, C67 and C69 mutcin 
monomers was not agnificanUy different from tlw mitogcnic activity of conecUy irfokted 
WT rIGF-I (Peak II). The ED50 of wild type rlGF-I was 4-6 ng/ml ccMiqiaitd with 5-8 
ng/ml for these unPEGylated mutein moMmers. Table 5 shows that Ptaks I of the varkws 
5 muteins had lower (5-30 fold) bioactivity than correcUy irfolded WT flGF-I amilar to the 
bioactivity of WT rlGF-I peak I. The C69-PEG conjugate, symhemed from peak n of 
C69, had the same bioactivity as C69 pcakH aiKl correctly refolded WT dGF-I. 

B. Relative Afiinity for IGF-BPl 

The relative affmities of the C3. C2 and C69 muteins and tte PEGylatcd forms of 
10 those muteins for IGF birwling jwmein-l aGF-BPl) were compared to that of the wild type 
IGF-1 by measuring the ability of IGF-BPl to inhibit the mitogenic activities of the prtrtcins 
on rat osteosarcoma cells. The rat UMR106 oaeosarcoma cells were plated at 5-6 X 104 
ceUs in 0.5 ml of Ham's F12 containing 7% fetal bovine semm, 100 U/ml pwiicillm and 
100 mg/ml streptomycin and 2 mM L-gUitamine per well in 48-wcU tissue culture plates. 
15 After incubating for 72 hours at 3TC whcm the cells became confluent, the cells wrae 
washed twice with PBS and pre-incubated in semm-free Ham's F12 medium contaimng 100 
U/ml penicillin, 100 mg/ml strqHomycin and 2 mM L-glutamine for 24 htwrs. After the 
pre-incubation, 0.5 ml of F12 senim-free medium arataining cither 50 ng/ml or 200ng/ml 
of rIGF-1 , C3 or C2 mutein. or i^gylated C3 or C2 mutein were incubated sq>arately with 
20 varying amounts of IGF-BPl (ICX) ng/ml - 1 X 104 ng/ml) for an additional 20-24 hours. 
Each weU was then jnilse labeled with 0.5 uCi of 3H-thymidinc (NEN Research Products, 
Du Pont Co., Boston, MA) for 4 hours, then washed with cold PBS three times and 
incorporated 3H-thymidine was precipitated with cold 7% trichloroacetic add (J.T. Baker 
Inc., Phillipsburg, NJ). ^-thymidine was quantitated by Uquid scintillation counting. AU 
25 assays were performed in triplicate. 

The results of tills experiment indicated tiiat tiie affinities of Uie ui^cgylated C3 
mutein and the pegylated C3 mutein for IGFBPl were greatly reduced. At a molar ratio 
of 20:1 (IGFBPl :iIGF-l), tiic mitogenic activity of rlGF-l (50 ng/ml) was reduced 80%; 
however, the mitogenic activities of the same concentrations of ti« unpegylated C3 mutrin 
30 and pegylated C3 mutein were reduced 35% ami 0%, respectively. Similarly, when 200 
ng/ml of the proteins were incubated with a 20 fold molar excess of IGF-BPl , 70% of the 
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raiiogenic activity of rIGF-1 was inhibited, whereas none of the mitogenic activity of the 
pcgylated C3 mutcin was inhibited. The affinities of of both the onpcgylated C2 mutein 
and the pegylated C2 mutein were identical to that of wild type IGF- 1 . Tte affinity of bc^ 
the unpegylaied C69 and C69-PEG for IGF-BPl wctb not significaittly diffcrem fraa that 

5 ofWTrlGF-I 

These data indicate that the pegylated C3 mmein has greatly reduced affinity for 
IGFBPI when compared to IGF-1 . Tims the mitc^cnic activity of the pegylated C3 mutrin 
will ncK be inhibited by IGF binding protons imdc^ condittons whm the mito^nk: activity 
of IGF-1 will be inhibited. However, the affinity of pegyl^ C2 and C69 mutdm for 

10 IGFBPI is tte same as the affinity of wild type IGF-l. Thus the mitogwiic activity of 
pegylated C2 and C69 rauteins will be inhibited by IGF binding proteins umter the same 
conditions where the mitogenic activity of IGF-1 will be inhibited. 

EXAMPLES 
Annnal Tests 

15 Animal studies were performed to compare the pharmacodynamic properties of the 

muteins and PEG conjugates of the present invention to the pharmacodynamic properties 
of wild type IGF-1. 

A. Animals 

Male Sprague Dawley rats with pituitary glands surgically removed 
20 (hypophysectomizcd or Hypox rats) and weighing 110-121 grams were obtained from 
Charles River Co. The rats were maintained in cages with lighting contnollwl over a 12 
h-light/12 h-dark cycle. 

The animals had continuous access to water and food. Five animals were lK)used per 
cage. The weights of the rats were monitored daily and only rats with wdght gains of less 
25 than 2 grams per week during the 2-3 weeks after arrival were consWered to be succesfuUy 
hypophysectomized and used for the experiments. 

B. MetlKxls 

In Experiment I. animals (10 Hypox rats per grcmp) were injected every third day 
(EID) subcutaneously (sc) with WT rIGF-I (160 mg, 320mg), unpegylated C2 (320mg), 
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unpegylated C3 (320rag), pegylated C2 0(C2-PEG, 320mg) or Pcgylatcd C3 (C3- 
PEG.320mg) dissolved in 0.2 ml of binding differ (O.l M BEPES-O.QS M NaH^POJ. A 
separate grwp of 10 animals received 0.2ml vehicle. Injectkms woe giYen betweoi OTOO 
houn and 0800 hours and body weights wwc rcconted daUy between 1600 h and 1700 h. 

S The weights of rats on the day zfm the last injectiofl were taken as ^ final wd^. 
In Bqwrimem n, animak (9 Hypox late per grajp) were faceted every th^ 
cutaneously with WT iIGF-I (32(hng, angle inaction dafly, SID; 3Mmg ETD; 640mg 
ETD), or C3-PEG (320mg BID, 640mg ETD, 960mg ErD).dissolved m 0.2 mi of teufing 
buffer (0.1 M HEPES-0.05 M NaHjPO*). A separate growp of 9 animals recdved 0.2ml 

10 vdiicle. Injections were given b«ween 0700 h and 0800 h and body weight were recorded 
daily between IGOO h and 1700 h. The weights of rats on the day after die last injectkm 
were taken as the final weight. 

In Experiment m, animals (10 Hypox rats) w«e injected every third day sub- 
cutaneously with C3-PEG (I60mg ETD, 32{hng ETD). dissolved in 0.2 ml veliicte (0.1 M 

15 HEPES-0.05 M NaH3p04). A separate group of 10 animals received 0.2ml vehicle. 
Injections were given between 0700 h and 0800 h and body weight were recorded daily 
between 1600-1700 h. The weighu of rats on the day after tte last injection were taken as 
the final weight. 

At the end of Experiments I & n, rats were asphyxiated with CO, and weighed. In 
20 Experiment m, the tibia were removed and the epiphyseal width measured. 

C. Results 

Experiment I: Rats treated with sc injections with cither 160mg or 320mg of WT 
IGF-I ETD showed no significant weight gain compared with animals injected with vdiicle 
(Table 6). Similarly, animals injected ETD with 320 mg un-PEGylated C2 IGF-I or un- 

25 PEGylatcd C3 mutein did not show significant weight gain. Animals injected ETD with 
320 mg C2-PEG and C3-PEG gained 4.42 ± 0.74 g and 5.45 ± 0.98 g, respectively, 
which was significanUy greater than the weight gain of aninuds injected with wild type IGF- 
1 (p < 0.01) . The weight gain of animals injected with PEGylated C2 ot PEGylated C3 was 
significantly greater than the weight gain of animals injected with the un-PEGylated C2 or 

30 C3 mutein (p<0.05). The PEGylated proteins clearly showed efficacy; towcver, the 
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identical dose of WT IGF-I showed no efficacy. Suiprisingly, the addition of PEG 
improves the biological potwicy of the molecule. 

TABLB6 

THE EFFECT OF IGF-I MUTEENS (DNFEGYLAI BP A PBGYIATED) Gtl THE 
S GROWTH OF HYPOFHESECTOMIZED SATS 





DG5E 
ug/diy 


FREQUENCY 


MEAN WT GAIN 

(e) 


P VALOB 1 
VI 1 


Vehicle 




ETD 


-1.28 ± 0.95 




WT IGF-I 


160 


ETD 


0.23 ± 0.87 




WT IGF-I 


320 


ETD 


0.59 ± 0.79 




C2 


320 


ETD 


-0.52 + 0.67 




C2-PEG 


320 


ETD 


4.42 ± 0.74 


WT320 0.01 1 
C2 320 0.01 
C3 320 <0.05 


C3 


320 


ETD 


1.75 + 0.90 




C3-PEG 


320 


EID 


5.45 ± 0.98 


WT320 <0.01 
C2 320 <0.05 
C3 320 < .05 



These results demonstrate that the PEGylated muteins exhibit enhanced 
15 pharmacodynamics over WT IGF-I and the un-FEGylated IGF muteins. 

E3q)eriment H: Rats treated with sc injections of WT IGF-I 320mg SID, 320mg ETD 
and 640mg ETD gained 4.02g ± 0.46g , 0.81g ± 0.81g aiKl 1.41g ± 0.52g, re^wctivdy 
(Table 7). However, animals given 160mg, 320mg, 640mg 960mg of C3-PEG BID gained 
5.22g + 0.46g, 5.50g ± 0.52g. 8.69g ±0.67g. and 10.43g ±0.77g, respectively (Table 
20 6). AD doses of C3-PEG ETD stimulated significantly more weight gain than both WT 
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IGF-I doses given ETD. Animals injected with cither 640mg or 960mg of C3-PEG ETD 
gained significantly more weight than those given 320mg WT IGF-I SID. C3-PEG doses 
of leOmg and 320mg ETD stimulated greater weight gain than 320mg of WT IGF-I SID; 
however, ttese differences did not reach statistical significaDce. 

S TABLE? 



THE EFFECT OF C3-PBGyhtod ON THE GROWTH OF 
HYPOPHESECTGMIZED RATS 





MCOBCUtE 


DOSB 


PKBQUBNCY 


MEAN 
WTOAIN 


PVALUB 
m 










ETD 


•o:n± 

0J1 




10 


WT lOF I 


320 


SO 


4.02 + 
0.46 


WT320ETD0A1 
WT640ErD0i)] 




WT lOF-I 


3«) 


ETD 


0,11 ± 
O.tl 






WTK3F-I 


640 


ETD 


1.41 +. 
0.52 






O-PEG 


160 


ETD 


0.46 


wrnoETOO-oi 

WT 640 ETD 0.01 




C3-PEG 


320 


ETD 


5.50 ± 
0.52 


WT320ETD0.01 
Wr 640 EID 0.01 


15 


C3 PEG 


640 


ETD 


8.69 + 

0.67 


WT 320 SID <0.OI 
OPEO 160 ETD <0.0l 
C3reO320ErD <0.01 




C3-PE0 


960 


ETD 


10.43 + 

0.77 


WT 320 SID <0.01 
CSPEO 160 ETD <0.01 
C3PE0 320 ETD <0.01 



Experiment n dwnonstraies that C3-PEG wiministercd sc EID exhibits greater 
potency than WT IGF-I administered sc ETD. All doses of C3-PEG stimulated gteatw 
mean weight gain than animals given 320mg WT IGF-I SID. Tlw eihanccd 
20 pharmacodynamics of C3-PEG make it more potent than WT IGF-I in tte animal model 
described. 
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ExpCTimcnt IE: Rats treated with sc injections of C3-PEG 160 mg and 320 mg 
gained 8.3g ± 0.7g and 9.0g ± 0.6g. re^)cctively (Table 4). Vdricle gained 4.2g + 0.3g. 
The weight gained induced by C3-PEG was statistically greater than animals given vehicle. 
Similarly, the tibial epq)hyseal widths of rats receiving C3-FBG wm sfatisltraTty greater 
5 than rats receiving vehicle (Table 8). 



TABLES 

THE EFFECT OF C3-FBGybtBd IGF-I ON THE GROWTH OF 
HYPOFHESECTQMIZED RATS (WEIGHT GAIN) 



MOLBCULB 


DOSE 


FWIUENCY 


MEAN WT GAIN 
(D 


MEAN TIBIA WIDTH 
(mm) 


P VALUE 
v> 


Vehicle 




ETD 


4a ± 0.3 


0.136 ± 0.004 




C3-PEG 


160 


ETD 


8.3 ± 0.46 


0.IS9 + 0.008 


Vehicle 
<0.01 


C3-PEG 


320 


ETD 


9.0 + O.g 


0.151.0.004 


Vetecke 
<0.01 
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TABL£9 

THE EFFECT OF C3-PEGylataI IGF-I ON THE GROWTH OF 
HYPOPHESECTOMIZED RATS (TIEIA EHPHYSEAL WIDTH) 



MOUECXJLE 


DOSE 


FREQUENCY 


MEAN TIBIAL 


PVALUE 1 


Vdiicle 




ETB 


0.136 ±0.00S 




C3-PEG 


160 


ETD 


0.180 ±0.01 


Vefaide <0.01 | 


C3-PEG 


320 


ETD 


0.167 ±0.06 


Vdiide <0.01 1 



Experiment m demonstrates that C3-PEG stimulates not only wdght gain, tnit also 
bone growth in HYPOX rats. This indicates that C3-PEG may be a useful phaim^xotical 
for the induction of bone formation. 

Although this invration has been described with respect to spcdfic mbodiments, it 
is not intended to be limited thereto. Various modifications which will be apparent to those 
skilled in the an are deemed to faU within the spirit and scope of the present invaiticm. 
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Claims: 

1 . A polyethylene glycol (PEG) conjugate comprising PEG and a mmdn of IGF, 
PEG is attached to said mutein at a free cysteine. 

2. The conjugate of claim 1, whmin said PEG is attached to tte free cysteiiK 
S Uuough an aoivating group select from the groiq) cooMSting of maldmiife, sulfliydiyU 

thiol, triflate, tiesylate, azxridine, exixane, and S^yridyl. 

3. The crajugate of claim 1, wherein tte IGF is IGF-1. 

4. The conjugate of claim 1, wl^rem the PEG has a molecular wdgte s^cted from 
the group consisting of 5 kDa, 8.5 kDa, 10 kDa, and 20 kDa. 

10 S. The conjugate of claim 4, wherein the PEG has a motecular weight of 8.5 kDa. 

6. The conjugate of claim 1 , further comprising a second polypepti(te attached to said 

PEG. 

7. The conjugate of claim 6, wherein the second polypq}tide is a mutein of IGF. 

8. A mutein of IGF having a non-native cysteine. 

IS 9. The mutein of claims 8, wherein said non-native cysteine is in die N-tenninal 

region of the mutein. 

10. The mutein of claim 8» wherein said mutein is a recombinant prcxhict. 

11. The mutein of daim 8, wherein said mutein is expressed by E. coli. 

12. The mutein of claim 8, wherein said non-native cysteine is in the C-tenninal 
20 region of the mutein. 

13. The mutein of claim 12, wherein said mutein is the C69 mutein. 

14. A method of making the conjugate of claim 1, comprising attaching PEG to a 
free cysteine of an IGF mutein, said mutein having a non-native cysteine in the N-tenninal 
region. 

25 15. The method of claim 14, wherein said PEG is attached to tbe free cystdne 

through an activating group selected from the group consisting of maleimide, sulfhydiyl, 
thiol, triflate, tresylate, aziridine, exixane, and 5-pyridyl. 

16. The m^hod of claim 14, wterein the activating gnnip is maleimide. 

17. The method of claim 14, wherein tte PEG is attached to an IGF mutein ami 
30 another polypqjtide. 

18. The method of claim 17, wherein the other polypqjtide is an IGF mutein. 
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20. A phannaceudcal composition comprising the conjugate of claim 1 in a 
. phannaceutically accq)tablc carrier. 

21. A m^od for treating an IGF associated condititm ccmiprising administering tlK 
phannaceutical composition of claim 20 to a i^tknt. 
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